ABSTRACT We assessed the value of endocardial catheter mapping in 52 patients in sinus rhythm and with 102 morphologically distinct ventricular tachycardias. The local bipolar electrograms from various regions of the left ventricle were assessed and quantitatively classified with respect to the characteristics of amplitude and duration. With the use of this assessment we found that electrograms from the site of origin were of significantly lower amplitude and longer duration; however, because such an overlap occurred with electrograms that were not from sites of origin, this does not serve as a useful clinical marker. Various types of electrograms, including normal, abnormal, fractionated, abnormal late, fractionated late, and longest, were evaluated with respect to sensitivity, specificity, and positive predictive value. None of these types possessed the ability to reliably localize the site of origin of ventricular tachycardia. We therefore conclude that endocardial catheter mapping during sinus rhythm is not useful as a guide in localized surgical therapy of ventricular tachycardia. Surgery guided only by the results of mapping during sinus rhythm would result in a more extensive excision than that directed by maps obtained during ventricular tachycardia and in some cases would result in the exclusion of the area considered to be the site of origin of the tachycardia.
THE MANAGEMENT of ventricular tachycardia has been improved with the application of new surgical techniques. 1 Paramount to the success of surgery is the ability to localize the site of origin of ventricular tachycardia by endocardial mapping procedures. 2, 3 Mapping during ventricular tachycardia has been accomplished both before surgery in the catheterization laboratory and during surgery. It is not, however, possible to map all morphologically distinct tachycardias in all patients. This is related either to an inability to induce ventricular tachycardia or an inducible ventricular tachycardia that is not tolerated hemodynamically. This limitation could be overcome if endocardial maps obtained during sinus rhythm could supply information that would be of predictive value in localizing the site of origin of ventricular tachycardia. Although such an approach has been suggested,4' no data has been available to test the usefulness of such techniques. Our study was therefore undertaken to critically evaluate the role of endocardial mapping during sinus rhythm to localize the site of origin of ventricular tachycardia. The specific aims were (1) to quantitatively assess the amplitude and duration of local left ventricular endocardial electrograms in a population of patients with coronary artery disease and ventricular tachycardias, and (2) to determine if these or any other qualitative electrographic property possessed characteristics that could localize the site of origin of ventricular tachycardia.
Methods
Patient population. Fifty-two patients referred to the hospital of the University of Pennsylvania for electrophysiologic evaluation of ventricular tachycardia underwent sinus rhythm endocardial catheter mapping during the course of their studies.
There were 45 men and seven women with a mean age of 58 years (range 34 to 75).
All patients had coronary artery disease and previous histories of myocardial infarction. The electrocardiographic pattern of infarction was anterior in 38, inferior in eight, and mixed in six. In all the patients coronary artery disease was assessed by coronary angiography and left ventriculography. All was defined as one of 3 mV or more and normal duration was defined as one of 70 msec or less. The normal amplitude/duration ratio was defined as 0.046 or greater. In cases in which only one of the amplitude or duration measurements were abnormal, the amplitude/duration ratio was used to define normality.
Electrograms failing to satisfy the above criteria for normality were defined as abnormal. Basic statistical methods were then used to define the mean and SD values for amplitude, duration, and amplitude/duration ratio for the electrograms of this population.
The electrograms that were the most abnormal were defined as fractionated and were characterized by low amplitude, high frequency, multicomponent signals of prolonged duration. This group was quantitatively defined as consisting of those abnormal electrograms that were greater than 1 SD from the mean values of the abnormal electrograms as a group. Again, if only one parameter of amplitude or duration met the criteria for fractionation, then the amplitude/duration ratio was used to define fractionation.
Late electrograms were defined as those in which a component was recorded after the inscription of the latest surface QRS activity. This was a timing characteristic and hence it could be applied to any of the three types of electrograms described above. CIRCULATIONTIME The longest electrogram recorded in each patient was also analyzed and was defined as the electrogram of the greatest duration.
The site of origin of ventricular tachycardia was arbitrarily defined as the earliest recorded electrical activity occurring in late diastole before the surface QRS during ventricular tachycardia. This was determined by catheter and/or operative mapping. When a ventricular tachycardia was localized between two standard sites, the electrogram from each of these sites was considered in the analysis of site of origin. Induction of tachycardia was performed by standard previously described methods.7 All other sites were considered to be non-sites of origin.
Data analysis. Electrographic amplitudes, durations, and activation times were assessed at each site by at least two independent observers. A minimum of four to six complexes were assessed at each site. The data were analyzed with the use of every electrogram recorded but, because we believed that this might introduce a sampling bias, the data were also evaluated with the use of the mean of all the electrograms at a site when more than one electrogram was obtained at a given site. An electrographic signal that came from between two standard sites was designated to one site based on Of all the types, only abnormal electrograms possessed good sensitivity, at 86%. Normal electrograms were not sensitive, being present 14% of the time. Late abnormal electrograms had a sensitivity of 26%. Likewise, the longest electrogram recorded only possessed a sensitivity for the site of origin of ventricular tachycardia of 16%. The least sensitive type of electrogram was the fractionated, whether or not it was late (10% and 8%, respectively).
The specificity of each type of electrogram was also examined. Both normal and abnormal electrograms had a specificity of 50%. The fractionated electrograms had a 92% specificity. The characteristic of "lateness" also led to increased specificity, i.e., abnormally late electrograms had an 88% specificity and fractionated late electrograms had a 96% specificity. The longest electrogram recorded was also quite specific, at 92%.
The ability to positively predict the site of origin of ventricular tachycardia was also examined for each electrographic subtype. The positive predictive value figure  3 . This map shows the dispersion of various types of electrograms throughout the entire endocardial surface, regardless of site of origin.
Discussion
Mapping during ventricular tachycardia has been established to be both safe and useful; however, it may be associated with several potential problems. 8 The time required to map during ventricular tachycardia can result in unfavorable hemodynamics. Some ventricular tachycardias lead to rapid hemodynamic collapse and patients with these tachycardias are not suitable candidates for endocardial mapping. Occasionally tachycardias are totally noninducible, are of different morphologies than spontaneously documented ventricular tachycardias, or have rapidly changing morphologies that make them unsuitable for activation mapping. Finally, operative mapping leads to increased cardiopulmonary bypass time and its inherent problems. It would therefore be beneficial to be able to predict the site of origin of ventricular tachycardia from mapping during sinus rhythm.
It has been demonstrated with both epicardial and endocardial mapping during sinus rhythm that patients with recurrent sustained ventricular tachycardia have a CIRCULATION In a prior study6 we defined quantitative standards for normal bipolar electrograms based on the findings in 10 subjects with normal left ventricles from whom 112 bipolar electrograms were obtained for analysis. The description of abnormal electrograms is the result of comparison with this data base.
Of the electrograms recorded in patients in sinus rhythm, the ones that are fractionated are the most abnormal. Only recently have microelectrode techniques been used in attempts to define fractionated activity.'0 The qualitative description that is in general agreement with results of clinical mapping is that of an electrogram with high frequency, low amplitude, multicomponent signals of prolonged duration. The quantitative descriptions in the literature, however, have varied from none to amplitudes less than 1 mV and durations greater than 50 msec, 11-1 without any details about how these values were obtained. Our definition of fractionation encompasses all previous definitions and is in fact more rigid. We believed that the significance of this type of electrogram would be best judged by analyzing the most abnormal (more than 1 SD from the mean) of the abnormal electrograms. To make sure these criteria were not too rigid abnormal electrograms were also analyzed as a group.
Electrograms having late activation or exhibiting Another electrogram reported to be a useful marker for ventricular tachycardia is the "split" or "double potential"5 electrogram. 3 1' 17,18 This electrographic finding was observed so rarely during endocardial catheter mapping that it was not suitable for use in the analysis. This may be a function of the interelectrode distance used in this investigation or of the number of sampling sites available.
Analysis of sites of origin. The electrograms from the sites of origin were characterized by lower amplitude and longer duration. However, considerable overlap existed with the other electrograms so that this finding alone would not be helpful in distinguishing between recordings from sites of origin and those from other sites.
The electrograms from the sites of origin were generally abnormal (86%). This is in accord with what previous investigators have characterized the left ventricular electrograms in this patient population.4 '9 Two findings were striking in the analysis of the site of origin. First, a completely normal electrogram was obtained from the site of origin 14% of the time (14 patients, 16 morphologically distinct ventricular tachycardias). This finding is not surprising since ventricular tachycardia can arise from normal left ventricles. Electrograms recorded from these normal left ventricles show no difference between the site of origin vs non-site of origin. * The second important finding was that the electrograms of the left ventricular endocardium that were not from sites of origin were abnormal 50% of the time. These two facts have to be considered if the application of localized directed surgery is being considered.
Predictive value. Mapping in patients during sinus rhythm, if it is to be clinically useful, must be able to aid in the localization of the site of origin of ventricular tachycardia. Although abnormal electrograms were sensitive (86%) they lacked specificity (50%). The various other types of abnormal electrograms had higher specificity but very low sensitivity. None of the types of electrograms demonstrated a positive predictive value of greater than 33% and an attempt to combine the various types would still fail to give a positive predictive value of greater than 40%.
There are a number of possible explanations for the fact that the mapping, during sinus rhythm, of endocardial electrograms does not predict site of origin of ventricular tachycardia. Our patient population had depressed left ventricular function (mean-ejection fraction of <30%) with diffuse mycocardial disease, which typifies patients with recurrent sustained ventricular tachycardia. The electrograms recorded, regardless of type, may simply reflect this diffuse myocardial disease. The size and depth of the actual anatomical circuit has not been ascertained with the currently available techniques. Recordings obtained during endocardial catheter mapping may reflect activity outside this circuit, thereby rendering such information less useful. Finally, conduction velocity and activation patterns during sinus rhythm at the recorded site of origin of ventricular tachycardia may not be linear, so that the assumption that such electrograms are a marker of the slow conduction necessary for reentry may not be valid.
Limitations. A major limitation of this study is related to the number of points sampled. Although a maximum of 12 sites were used for this analysis, these values were derived from up to 32 samples in some patients. This, however, may still not be enough. It is conceivable that if a much larger sample could be obtained the results would be different. However, a limited number of points can be sampled with endocardial catheter mapping during sinus rhythm, and it is this method that must be used clinically. Also, preliminary data obtained with intraoperative mapping under direct visualization support our findings. '3 A second limitation related to the technique of catheter mapping involves precise localization of the catheter position, which can be difficult. Each location was confirmed in at least three fluoroscopic positions in the presence of two independent physicians experienced with the endocardial mapping scheme. When possible the catheter was maintained in the same position for recording of the sinus rhythm and ventricular tachycardia electrograms; this was accomplished by starting and stopping the tachycardia. Otherwise the catheter was respositioned each time to the area from which a recording had previously been made. An earlier study from this laboratory showed a good correlation between results of catheter and operative mapping, suggesting reasonable reproducibility of this technique.'9 Finally, when more than one electrogram was obtained from an area the average value was used in the analysis. We therefore believe that adherence to these guidelines has minimized the chance of an error that could result from catheter mispositioning.
It might be argued that the criteria selected for some of the types of electrogram were tbo rigid, but if significant differences are to be found, they should be found with the use of the most abnormal electrograms. but at the expense of specificity and with no significant improvement in positive predictive value. This analysis was performed on a selected population. All patients had coronary artery disease and left ventricular aneurysms. The application of these results to other patient populations with ventricular tachycardia may not be justified.
We conclude that surgical therapy of ventricular tachycardia based on results of endocardial catheter mapping during sinus rhythm would lead to excision of a larger area of endocardium than that based on results of mapping during ventricular tachycardia. In addition, not all sites of origin would be excised if only those showing abnormality on the map during sinus rhythm were selectively removed. 
